Abstract: It's revealed from the earlier researches that many physical-chemical properties depend heavily on the structure of corresponding moleculars. This fact provides us an approach to measure the physical-chemical characteristics of substances and materials. In our article, we report the eccentricity related indices of certain important molecular structures from mathematical standpoint. The eccentricity version indices of nanostar dendrimers are determined and the reverse eccentric connectivity index for V-phenylenic nanotorus is discussed. The conclusions we obtained mainly use the trick of distance computation and mathematical derivation, and the results can be applied in physics engineering.
Introduction
Many experiments reveal the evidence that the physicalchemical properties of pounds and materials are closely related to their molecular structures. For example, the structure-dependency of total π-electron energy Eπ heavily relies on the sum of squares of the vertex degrees of In theoretical computational model, a molecular structure can be represented as a molecular graph G in which each vertex is expressed as an atom and each bound between atoms is denoted as an edge. Then, a topological index can be regarded as a score operator f : G → R + which maps each molecular graph to a positive real number.
In the past four decades, scientists introduced many indices from the application perspective, such as Zagreb index, Wiener index, sum connectivity index and harmonic index which reflect certain physical-chemical characteristics of molecular structure. There were many contributions to report these distance-based or degree-based indices of special molecular structures (See Farahani et al. [1] , Jamil et al. [2] , Gao and Wang [3] , Gao et al. [4] [5] [6] [7] and Gao and Wang [8, 9] for more details). The notations and terminologies that were used (but undefined in our paper) can be found in Bondy and Murty [10] .
For a fixed vertex u ∈ V(G), the eccentricity ec(u) of vertex u is defined as the largest distance between u and any other vertex v in G. There are several eccentricity related indices introduced for the engineering purpose.
The first atom-bond connectivity index (in short, ABC index) is introduced by Estrada et al. [11] as
where d(v) is the degree of vertex v in the molecular graph G. Correspondingly, the fifth atom bond connectivity index is denoted as
The first geometric-arithmetic index (shortly, GA index) rased by Vukić ević and Furtula [12] as
Several results on GA index can refer to Zhou et al. [13] , Rodríguez and Sigarreta [14] , [15] and [16] , Husin et al. [17] , Bahrami and Alaeiyan [18] , Sigarreta [19] , Divnic et al. [20] , Das et al. [21] , Mahmiani et al. [22] , Fath-Tabar et al. [23] and [24] , Das et al. [25] , Gutman and Furtula [26] , Furtula and Gutman [27] , and Shabani et al. [28] . The fourth geometric-arithmetic index is defined by Lee et al. [29] which is stated as
Moreover, the first and the second multiplicative eccentricity index are defined as
respectively. And, the fourth and sixth Zagreb polynomials are denoted as
and
respectively.
As an important index, the eccentric connectivity index (ECI) of molecular graph G is introduced as
Ranjini and Lokesha [30] determined the eccentric connectivity index of the subdivision graph of tadpole graphs, complete graphs and wheel graphs. Morgan et al. [31] yielded the sharp lower bound on ξ c (G) for a given graph order. Furthermore, the tight upper and lower bounds are manifested for trees with given vertex number and diameter. Hua and Das [32] presented the relationship between the eccentric connectivity index and Zagreb indices. De [33] deduced the eccentric connectivity index and polynomial of the thorn graphs. Eskender and Vumar [34] studied the eccentric distance sum and eccentric connectivity index of generalized hierarchical product graphs. In addition, the eccentric connectivity index of F-sum graphs by virtue of certain invariants of the factors are presented as well. Ilić and Gutman [35] proposed that the broom reaches the maximum ξ c (G) among trees with fixed maximum vertex degree, and the trees with minimum ξ c (G) are also characterized. Iranmanesh and Hafezieh [36] computed the eccentric connectivity index of some special graph families. Dankelmann et al. [37] raised the sharp upper bound for eccentric connectivity index and presented the molecular graphs which asymptotically attain this bound.
Morgan et al. [38] presented the tight lower bound of eccentric connectivity index for a tree with given order and diameter. Rao and Lakshmi [39] determined the eccentric connectivity index of phenylenic nanotubes. Ediz [40] introduced a new distance-based topological index called reverse eccentric connectivity index which is stated as
where
Nejati and Mehdi [41] obtained the reverse eccentric connectivity index of tetragonal carbon nanocones.
Although there have been several contributions in distance-based and degree-based indices of molecular structures, the study of eccentricity related indices for certain special compounds is still largely limited. On the other hand, as critical and widespread molecular structures, nanostar dendrimers and V-phenylenic nanotorus are widely used in physics, chemistry, biology, medical and material science. For these reasons, we study the exact expressions of eccentricity related indices for nanostar dendrimers and V-phenylenic nanotorus.
Main Results and Proofs
In this paper, we mainly study the eccentricity related indices for nanostar dendrimers (Subsection 2.1) and the reverse eccentric connectivity index of V-phenylenic nanotorus (Subsection 2.2). For n ≥ 2, we get
Eccentricity related index of nanostar dendrimers
√︀ (3n + 3i + 3) · (3n + 3i + 4) 6n + 6i + 7 ,
,
Proof. Since D 1 [n] is symmetrical, we can mark the vertices some representative symbols which are showed in Figure 1 . Next, we only present the detailed proof of GA 4 index, and other parts of result can be obtained in the similar way.
By the analysis of molecular structure, the edge set of D 1 [n] can be divided into six subsets which are described as follows: Thus, by the definition of the fourth GA index, we infer 
Therefore, we get the expected result. For n ≥ 2, we get ),
),
Proof. Since D 2 [n] is also symmetrical, we can mark the vertices some representative symbols which are showed in Figure 2 . We only present the detailed proof of GA 4 index, and other parts of result can be obtained in the similar way.
By the analysis of molecular structure, the edge set of D 2 [n] can be divided into 17 subsets which are described as follows: Thus, we yield the expected result. 
Reverse eccentric connectivity index for V-phenylenic nanotorus
In this subsection, we consider the V-phenylenic nanotorus TO [p, q] (here p is the number of hexagons in each row and q is the number of hexagons in each column) which is a widely used nano structure. For the example of TO [4, 5] , please refer to Figure 3 . , ifq ≤ p,
Proof. Since TO[p, q] is a cubic, we have S(v) = 9 for any v ∈ V(G).
The whole proof process can be divided into four parts.
1. p ≡ 0(mod2) and q ≡ 0(mod2).
• If q ≥ p, then ec(v) = 
